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Abstract
Small mammal populations within the state of New Jersey have not been as thoroughly 
studied as avian, amphibian and reptile populations. The state list of species of special 
conservation concern includes very few mammals proportionally, and of those mammals 
that are listed only a handful are ground dwelling small mammals. This study sampled 
the small mammal population at the Rockaway River Wildlife Management Area in 
Jefferson Township, New Jersey and compared the sample to a similar study in Stokes 
State Forest. Pitfall traps were installed in four different kinds of habitats within the 
management area and the captures collected and recorded. Species richness was similar 
between Stokes and the Rockaway River Wildlife Management Area, though some 
differences in species composition stand out. The presence of the pygmy shrew (Sorex 
hoyi) in several habitats within the Rockaway River Wildlife Management Area is 
significant, since the New Jersey Department of Environmental Protection’s Division of 
Fish and Wildlife they seek to implement forest management strategies to best protect 
species of concern. Future research should focus on collection of genetic information 
from shrew species in order to aid in future identification of difficult and rare species of 
shrews.
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Introduction
Ever since the Endangered Species Act was passed in 1973, ecologists have been 
working toward identifying species of concern and determining the threats to those 
populations. Some species have been identified as threatened or endangered on a national 
scale, while others are locally threatened. Within New Jersey, the State Wildlife Action 
Plan as updated in 2015 contains 657 Species of Greatest Conservation Need (New 
Jersey Department of Environmental Protection, Division of Fish and Wildlife). Of those 
657 species, only 35 mammals are listed. Of those 35 species 12 are marine and coastal 
mammals while the remaining 23 are terrestrial mammals. Among the mammals listed 
are several bat species that have likely sustained population declines from White Nose 
Syndrome. In terms of forest dwelling small mammals, most of the ground dwelling 
mammals are listed only on the regional level, though a lack of statewide information on 
small mammal populations, particularly inscctivorcs, may play into that.
Information on shrews and other small, forest floor dwelling mammals has been 
scarce, but over the past decade more research has brought many small mammals into 
light (Jackson, 1985; nj.gov/dep). Within New Jersey, masked shrews (Sorex cinereus), 
short-tailed shrews (Blarina brevicauda), eastern moles (Scalopus aquaticus), marsh rice 
rats (Oryzomys palustris), white-footed mice {Peromyscus leucopus), red-backed mice 
{Clethrionomys gapperi), meadow voles (Microtus pennsylvanicus), and pine voles (M 
pinelorum), are all listed as having stable populations by the New Jersey Department of 
Environmental Protection, Division of Fish and Wildlife (NJ.gov/dep/fgw). Other species 
of small mammals that have been reported in New Jersey, but the populations are listed 
as undetermined include water shrews (,S.palustris), smokey shrews (S.fumeus), long-
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tailed shrews (S. dispar), least shrews (Crytotis pa?ya), pygmy shrews (S. hoyi), hairy- 
tailed moles {Parascalops breweri), star-nosed moles (Condylura cristata), southern bog 
lemmings (Syntaptomys cooperi), woodland jumping mice (Neozapus insignis) and 
meadow jumping mice (Zapus hudsonius) (nj.gov/dcp/fgw).
The lifestyles of shrew species in particular are fascinating, as they are among the 
smallest and most abundant terrestrial mammals. They can be found on every continent 
except Australia and Antarctica, and they have the longest evolutionary history of any 
mammal, since the earliest placental mammal was a shrew-like creature (Jackson, 1985). 
Shrews are members of the family Soricidae, which is broken into two sub-families; 
Soricinae and Crocidurinae (Saarikko, 1989). As none of the New Jersey species fall 
under the Crocidurinae sub-family, the focus here will be on characteristics of the 
Soricinae. Because of their size, shrews have extraordinarily high metabolic rates. In fact, 
shrews of the So rex genus have a basal metabolic rate of up to 366% of the expected 
basal metabolic rate for their size. They also have a high field metabolic rate (258% of 
the expected) and a relatively low maximum metabolic rate in colder temperatures which 
leave little room for any energy reserves (Ochocinska and Taylor, 2005).
Because many shrews operate close to their maximum metabolic rate, they must 
eat almost constantly. Shrews of the Soricinae sub-family are unable to use toipor to slow 
their metabolic rate, thus they arc only able to sleep for short periods of time lest they risk 
starvation. Saarikko (1989) suggests that shrews must utilize optimal foraging strategies 
in order to survive. Shrews are members of the order Insectivora, and most species feed 
primarily on insects and other small invertebrates. Some of the larger shrews (e.g. 
B.brevicauda) forage underground just below the topsoil, while many smaller shrews
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remain above the surface to forage and often have larger territories (Saarikko, 1989). 
Some shrews may prefer certain food sources, preferring larval insects over larger 
earthworms (McCay and Storm, 1997), but that may be the result of easier handling of 
smaller prey. Saarikko (1989) notes that often shrews seem to abide by the ‘first 
encountered, first eaten’ motto, as a missed meal could mean death. Shrew expert Gordon 
Kirkland has been quoted saying, “[shrews] can’t afford to pass anything up. They 
literally bum themselves out in a year and a half... They hunt and rest and then hunt 
some more” (Jackson, 1985). To compensate for the need for a steady food supply, some 
species of shrew utilize caching as a way to deal with short term food shortages in a 
seasonally changing environment (Saarikko, 1989). B. brevicauda is unique in that it 
actually employs a toxic venom from a salivary gland to subdue larger prey such as 
immature mice or voles, and paralyze other prey for temporary caching (Jackson, 1985). 
Shrews do have other adaptations that allow some energy storage, so short rest periods 
between foraging is possible, assuming foraging success. Physiologically, shrews have 
the highest proportional amount of brown adipose tissue that can generate heat and 
enhance winter survival. Shrews also have larger stomachs and shorter intestines than 
other small mammals. The enlarged stomach may allow for food storage during sleep 
periods, and the shortened digestive tract may be adapted to more rapidly absorb 
nutrients, since the food waste is expelled sooner. The shortened digestive tract also 
makes room for the larger stomach (Saarikko, 1989). Occasionally, captive or wintering 
shrews have been observed to cannibalize other members of the species as a food 
resource (Jackson, 1985).
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Mortality for shrews can occur in a variety of ways, however for most shrews, 
starvation is the primary threat. Many avian predators avoid shrews due to their pungent 
odor (Saarikko, 1989). Coyotes (Canis latrans), however, do prey on small mammals 
including shrews. Miller ct al. (2012) found that in areas where wolves were present, 
coyotes were excluded and shrew populations were larger than in areas without wolves 
where coyotes were present.
The habitat of most shrews tends to be moist, forested areas (Kirkland et al. 1997; 
McCay and Storm, 1997). While the moisture availability may be a hydration source for 
shrews, wetter habitats may also pose a heat loss problem for small mammals 
(Ochocinska and Taylor 2005). Even though shrews tend to be more abundant in moist 
habitats, some shrews do inhabit dry habitats. Kirkland et al. (1997) established that on 
the dry steppes of Wyoming the species richness for shrew populations was high, with 
five different species encountered. Menzel et al. (1999) also found that in areas of the 
Appalachians that had been recently clear cut to make wildlife openings, shrew species 
were most diverse in the edge habitat.
A few times, authors have noted that trapping technique may have influenced the 
outcome of their surveys in terms of species diversity. Kirkland et al. (1997) noted that in 
some areas, shrew and other small mammal populations may have been underestimated, 
as prior studies had only used snap or Sherman live-traps which arc less effective for 
some smaller, lighter species. On the other hand, some species such as members of the 
Mus genus or other slightly larger small mammals may not be easily captured by pitfall 
traps and concurrent live-trap sampling may be more comprehensive (Jung and Powell, 
2011). FitzGerald (2012) found that in northern New Jersey, pitfall traps were more
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effective at capturing small mammals. A higher proportion of the total species captured 
were found in pitfall traps. Some small mammal species, especially shrews, are too small 
to set off a live trap, and many are not attracted to the traditional baits that are used. In 
addition, live traps often only catch one individual at a time, as once the door has shut to 
enclose the animal, no other organisms can enter. With a pitfall trap, as long as the trap is 
open, individuals can fall into them.
Within the State of New Jersey, there are many wooded areas that are protected as 
wildlife management areas, state forests or state parks. In 2012, FitzGerald surveyed the 
small mammal populations within Stokes State Forest at the New Jersey School of 
Conservation. Stokes State Forest is 16,447 acres in size and hosts a variety of 
recreational activities, including hiking, camping, boating, fishing, hunting and 
swimming (NJ DEP). The School of Conservation, which is 240 acres within the 
boundaries of Stokes, hosts environmental education programs for students of varying 
ages. The Rockaway River Wildlife Management Area (RRWMA) is approximately 
twenty miles southeast of the School of Conservation and lies in Jefferson Township. The 
RRWMA is smaller than Stokes, at 3,667 acres (NY-NJ Trail Commission). The primary 
recreational uses for the RRWMA are hunting and fishing. Hiking is limited as there 
exists a single blazed trail from the adjacent Mahlon Dickerson Reservation. Although 
not technically permitted, all-terrain vehicles and dirt bikes have been observed in the 
RRWMA as well, though the restrictions limit access to the management area. Prior to 
this investigation, the list of endangered, threatened, and special concern species for the 
Rockaway River area included just 2 mammals; the bobcat and the Indiana bat. Data on 
small mammals is sorely lacking. The purpose of this study was to provide a baseline
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data set of the small mammal diversity in the RRWMA. The secondary purpose was to 
compare the species found at the RRWMA to those found at Stokes by FitzGerald in 
2012. Because both study areas are wooded sections of Northern New Jersey, I 
hypothesized that the species composition would be similar at the RRWMA to that of 
Stokes.
Methods:
Site selection
In May, 2015,1 set out to identify five sites within the RRWMA consisting of 
different habitat types; upland forest, lowland forest, scrubland, wetland, and open field 
(Figure 1). Following Compton-Gobel road, we explored the management area looking 
for sites to meet the desired habitat type criteria. Four of the five habitats that I had hoped 
to survey existed in the RRWMA. Unfortunately, no open field was identified. Upon 
examining a satellite image of the area using Google Earth, the tree coverage of the 
RRWMA showed no gaps large enough to indicate an open field area. However, the other 
four desired habitats were located. The upland forest site (40° 58’ 05” N, 74° 34’ 15” W) 
was selected for its canopy cover, elevation, and woody plant composition. The lowland 
forest site (40° 58’ 02” N, 74° 34’ 21” W) was selected for its canopy cover, relative 
elevation to the upland site, and woody plant composition. The shrub land site (40° 58’ 
08” N, 74° 34’ 27” W) was selected for its relative canopy openness and shrub content 
and the wetland site (40° 57’ 54” N, 74° 34’ 49” W) was selected for its low elevation, 
proximity to a temporary stream, abundance of standing water, and high soil moisture.
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Sites were marked with red and green marking tape and flagged using the MotionX-GPS 
smartphone app.
Trapping
Pitfall traps were selected for their increased effectiveness over live trapping 
methods in accordance with FitzGerald’s (2012) report. Through the first two weeks of 
June, 2015, pitfall arrays were installed and covered until the start of the investigation. 
Arrays were arranged with sixteen pitfall traps, one trap at the center with three arms 
arranged approximately 60° from each other (actual angles varied based on field 
conditions). Along each of the three arms, five pitfall traps were installed three meters 
apart. Due to rocky terrain in the Lowland Forest site, one of the three amis in the array 
did not have a pitfall at the 12 meter mark as large, immovable rocks spanned from the 9 
meter mark to the 15 meter mark. At the wetland site, the array only contained two arms, 
as the third arm would have fallen along the rocky temporary stream bed and not among 
wetland plants. As such, a total of 58 traps were installed. The pitfalls were installed by 
digging a hole with shovels and post-hole diggers. Then, plastic buckets with a diameter 
of 8.25 inches and 8 inches deep were inserted into the holes. Buckets had 3-4 holes 
drilled into the bottom for drainage and to comply with IACUC requirements. Once the 
plastic buckets were in place, fifteen meters of silt fencing was erected along each arm so 
that the fencing ran along the surface of the forest floor over the top of each bucket, as 
per the trapping protocol established by FitzGerald (2012), (Figure 2). Soil and loose leaf 
litter was packed around the bucket rim so that there was no exposed lip or divot. Plastic 
lids were placed on each bucket until the start of the investigation.
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On June 20, the lids at each site were removed and the weather and temperature 
were recorded. Beginning on June 21, traps were checked twice daily for a duration of 
ten days, beginning at approximately 6 am and again at 6 pm. At the beginning of each 
check, the temperature and weather conditions were recorded. During each check, any 
live mammals that were encountered were identified as best as possible given field 
conditions, weighed and released. The first live shrew encountered escaped before 
measurements could be taken, thus that shrew was excluded from analyses. Non­
mammals, mostly amphibians, were noted and released. Small mammals that perished in 
the pitfalls were bagged, labeled with date, time of day, and site location and were stored 
in a freezer for later identification. On June 30, after the 6 pm check, the buckets and silt 
fencing were removed from each site and transported out of the RRWMA.
Identification
Field identifications were made based on coloration and weight. The remaining 
specimens were stored and examined at the New Jersey School of Conservation. Each 
specimen was measured for body length, tail length, and weight. Individuals were 
examined externally for identifying characteristics (Figure 4, Figure 5) and then 
examined under a binocular dissecting scope to examine dentition (Figure 6). 
Identifications based on dentition were made according to the Reid (2006).
Data analysis
The data collected was entered into Microsoft Excel 2013. Excel was used to 
calculate frequencies and totals for each habitat type and each site. Excel was also used to 
create graphs and charts. For analyses, the three released shrews at the RRWMA were 
excluded, because I was not able to make a definitive determination of species using
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dentition analyses and the potential for recapture would impact results as released 
individuals were unmarked. When comparing the results from this investigation to 
FitzGerald’s survey (2012), I excluded the data he collected from the field habitat 
location since a comparable field was not surveyed at the RRWMA. Using Fisher’s Exact 
Probability Test from VassarStats (Vassarstats.net), two by four tables were analyzed to 
compare overlapping species between the RRWMA and Stokes, the richness per site, and 
the overall small mammal abundance per habitat type at each site. The overall small 
mammal abundance was corrected for number of pitfalls by dividing the number of 
individuals found at each habitat type and dividing by the number of pitfall traps installed 
at the corresponding array (Table 2). A binomial test using GraphPad software was 
employed to compare small mammal abundance following precipitation (graphpad.com).
Results
Over the course of the ten day study, 55 small mammals were collected. 52 
individuals were recorded to species, as the three live captured organisms were not 
definitively identifiable (Appendix 1). During this investigation, the shrub site had the 
lowest productivity over the course of ten days while the lowland forest and the wetland 
sites were most productive (Figure 7). Species richness per habitat between sites (Figure 
8), shows little difference between the two study areas. The Fisher’s Exact test (Tabic 3) 
shows that there is not a significant difference between the two sites (p = 0.95). S. 
cinereus made up 57.7% of the total catch, B.brevicauda was 5.8%, C.parva was 7.7%, 
M.pinetorum made up 1.9% of the total, S.fumeus was 13.5%, S. hoyi was 11.5% of the 
catch, and Z. hudsonius was 1.9% of the 52 individuals retained (Figure 9). I also
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compared the species abundance per habitat type within each site (Figure 10, Figure 11). 
Fisher’s Exact tests were performed to compare the abundance of species found at both 
Stokes and the RRWMA (S.cinereus, B.brevicauda, M.pinetorum, Z.hudsonius), (Table 
3). I found that the abundance of the masked shrew (S.cinereus) was significantly 
different between the two sites (p=0.0098), but the other three species did not differ 
significantly in abundance (B.brevicauda p= 0.50, M.pinetorum p= 0.999, Z.hudsonius 
p=l .0). The results of the comparison between the Shannon Diversity Index per habitat 
type are shown in Figure 12. Most habitat types were not significantly different between 
study sites. There was a slight difference in diversity between the shrub habitats of each 
site. Effect of precipitation on the number of captures was significant. Of the 52 
organisms captured, 41 were captured on days following rain. Of the ten day study, four 
catch days occurred after a rain event (Figure 13). A binomial test reveals that the 
probability of this occurring by chance is less than 1% (p<0.001).
Discussion
When we consider the proximity of the RRWMA and Stokes State Forest, and the 
similarities in the vegetative community, we expected the small mammal community 
composition of the RRWMA to be similar to Stokes State Forest reported by FitzGerald 
(2012) (Figure 7, Figure 8). While the species richness and composition between sites did 
not vaiy significantly (Figure 12), some species differences arc worth noting. The overall 
species richness at the RRWMA was only slightly lower than that of Stokes (7 species 
versus 8 at Stokes), but of the seven species found at the RRWMA, four of them were 
also found at Stokes (Table 1). Of the four species found at Stokes but absent from the 
RRWMA, one species was listed by the state as having an undetermined status in New
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Jersey (C. cristata). Of the three species present at the RRWMA but absent from the 
Stokes data, all three (C.parva, S.hoyi, S.fumeus) are listed as having an undetermined 
status in New Jersey. The abundance of the four overlapping species did not generally 
differ between study sites. However, there was a statistically significant difference in the 
abundance of the masked shrew (S. cinereus). This difference could be due to the fact 
that masked shrews are the most abundant shrew species with one of the largest 
geographic ranges. Because their habitat preferences are so variable and they are so 
spread out, some variation in abundance would be expected.
Variations in small mammal populations can occur for a variety of reasons. Some 
research suggests that proximity to urbanized areas can influence species composition 
(Chemousova and Dobrotvorskaya, 2014). These researchers found that sites that were 
closer to urbanized land have greater exposure to airborne pollutants, as well as increased 
physical damage from recreational activities. In our case, the RRWMA is closer to 
suburbia than Stokes, but also receives less recreation. The RRWMA is a short two miles 
off of Route 15 in Jefferson while Stokes is a large forested area nestled in a more rural 
area upstate. There are more hiking trails and recreational activities that take place in 
Stokes, and with the study site there being located at the NJ School of Conservation there 
is the added trampling risk of larger school groups moving through the forested areas 
during educational programming. These effects may contribute to slight variations in 
species composition, but it is unlikely that they play a significant role at either of these 
sites.
Another factor to consider is the larger weather events that have occurred in 
recent years. The year prior to Dr. FitzGerald’s 2012 study, New Jersey experienced
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Hurricane Irene, shortly followed by a large snowfall event in October before many of 
the trees had dropped their leaves, lending to broken branches and fallen trees in many 
locations. These two disturbances may have had immediate impacts on the small 
mammal populations in Stokes. Shortly following the 2012 study, Hurricane Sandy 
ripped through New Jersey, causing further damage to trees and forest systems. While the 
intensity of Sandy was higher than either of the 2011 storms, shrew and other small 
mammal populations have a short generation time, and life span. Considering the extreme 
weather events surrounding the 2012 study in Stokes, it is possible that minor variations 
in species composition or abundance were due in part to the recent disturbances. Downed 
trees or tree limbs add complexity to the forest floor and create microhabitats that are 
favorable for some small mammal species. The present study in 2015 at the RRWMA 
takes place three years post Hurricane Sandy. Because female shrews can produce three 
to four litters of four to seven young each summer (Jackson, 1985), it is possible that the 
RRWMA small mammal population has returned to a more stable, slightly later 
succession of population.
The RRWMA also had undergone a vegetation harvest in 2008, which opened up 
various clearings within the RRWMA to early successional vegetation which may also 
have had an impact on the species composition within the area. Even though the harvest 
took place before Irene, snowpocalypsc and Sandy, the impacts on small mammal 
populations may just be beginning to show, as the harvested areas continue along the 
successional pattern. However, the sites I examined for this study were not overlapping 
any of the harvest sites, though the shrub location was nearer to the section of the 
management area that had been harvested.
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It is worth noting that for the RRWMA sampling, over 67% of the individuals 
captured were collected on dates immediately following a rain event. A binomial test 
revealed that the number of individuals captured post-precipitation (p<0.001). Of the 52 
individuals captured, 23 of them were captured the day after a heavy rain storm. The first 
day of the investigation also yielded 13 individuals after a heavy rain the night preceding 
the investigation. Collectively, there were only 11 organisms collected on days that it had 
been dry the day night before. The 20-12 Stokes investigation collected almost three times 
as many individuals over the study period. According to weather notes from Rutgers 
climatology office (Robinson 2012), the weather in early May of 2012 when the study 
took place included thunder storms in the days preceding the study, as well as rain on and 
off from the 8th to the 10th, which spans several days within the study. Because some small 
mammals, including some shrew species, do forage beneath the surface layer of leaf litter 
or soil, it is possible that shrews and other small mammals that would ordinarily be under 
the surface would be forced up due to soil saturation. Dens and nests may also have been 
flooded post rain events, forcing more shrews to be out and about on the surface, 
increasing the likelihood of encountering a pitfall trap.
The data of particular importance from this study is the presence of those species 
whose status in New Jersey is listed as undetermined, in particular the pygmy shrew (S. 
hoyi). There arc few records of this species existing in the state, and the presence of 
pygmy shrews at three of the four sites within the RRWMA bodes well for regulation to 
further protect the management area. Identification of shrews is tricky, and the most 
effective way to distinguish between some species is to examine their dentition. Shrews 
are bom toothless (Jackson, 1985) but once the shrew has gained its teeth, those teeth can
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wear down over time differently than rodent teeth. Rodent incisors will continue to grow 
throughout the life of the rodent, unlike in shrews where the teeth do not grow 
continuously (Saarikko, 1989). As such, even though dentition is the best way to 
distinguish between some shrew species, there is certainly room for error in instances 
where perhaps a juvenile has not quite grown in all of their teeth or an adult has worn 
down a tooth so that it appears the same size as another tooth when the literature indicates 
that it should be larger. Some shrews have teeth that exist but are very small and hard to 
see, even with a dissecting microscope (Figure 6). Most shrews have other characteristics 
that aid in identification, such as the least shrew which has strong bi-coloration in its tail 
or the smoky shrew with visible ears (Figure 5), but in some cases it is impossible to 
determine species without noting the dentition of the animal. Using dentition information, 
I determined the presence of the pygmy shrew, (S. hoyi) throughout the RRWMA which 
should be significant news for the NJ DEP’s Endangered and Non-game Species 
Program.
As for many species with similar morphology, genetic analysis offers the best 
solution for positive identification. The shrews from this study are slated to be genetically 
sequenced by Mr. Joseph Osei of Montclair State University pending primer acquisition. 
A genetic analysis of the species in question will hopefully prove more substantially that 
our shrews arc, indeed, S. hoyi.
Another species that is listed as undetermined in New Jersey but that was 
documented in the wetland habitat of both Stokes and the RRWMA is the meadow 
jumping mouse (Z hudsonius). Both data sets show low abundance of the species, but 
that could be due in part to the depth of the pitfall traps that were used. In a study of Z.
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hudsonius by Jung and Powell (2011), the species that had previously been considered 
rare turned out to be their third most abundant species. Z. hudsonius has been witnessed 
to jump as far as a meter when startled, making the ability to escape a pitfall trap likely 
(Whitaker, 1963). The single individual captured at the RRWMA had been collected 
from a pitfall at the wetland location that was perpetually water filled due to the 
constantly saturated soil in that aim of the pitfall array. Escape from a pitfall that is full of 
water would have been difficult, which may have contributed to the capture of this 
individual. It’s possible that the abundance of the meadow jumping mouse as depicted 
from these results is very likely an underestimate of the actual Z. hudsonius population at 
the RRWMA.
Future research on small mammals in New Jersey should focus on continued 
monitoring, further comparisons, and habitat conservation. It would be beneficial to 
collect samples on a regular basis to monitor and compare populations to see if there are 
any significant changes. As global climate change continues to re-shape the environment, 
it would be helpful to understand the implications for these small mammals. We might 
predict that shrews would adapt well to the changing climate as wanning trends may 
mean less energy expenditure over the winter months. However, since shrews operate at 
near maximal metabolic rates, changing environments could also have deadly 
consequences if the shrew populations cannot adapt. It would also be interesting to 
compare data from these northern New Jersey woodlands to small mammal populations 
in southern New Jersey habitats. Southern New Jersey is not as urbanized as the northern 
part of the state, and the vegetation and soil is different, particularly in the Pine Barrens.
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As the genetic analysis of our shrew species progresses, we may be seeing the 
beginnings of a database of genetic markers that could serve as an index of shrew species. 
In the long run, as more species are added, it will become easier to definitively identify 
otherwise difficult shrew species. The NJ DEP will receive the results of this study to 
determine whether any of the species that were found are species of special concern. 
Perhaps the presence of S. hoyi will draw attention to the RRWMA in terms of 
conserv ing habitat. Part of the original plan was to determine if any single habitat type 
should be preserved to protect any species of special concern that we may have found. As 
the pygmy shrew was found at three of the four sites, it may be beneficial to work toward 
whole forest conservation in this particular wildlife management area. Examining the 
other species that we recorded may shed light onto which habitat type is most valuable 
for those species. Of the three sites that contained S. hoyi, the upland forest site had the 
highest species richness. It also had slightly higher C. parva counts, as well as the 
presence of S.fumeus. The shrub habitat also contained C. parva and S.fumeus. The 
lowland forest site is likely the least valuable in terms of richness, of the three sites, as C. 
parva was not recorded at that location.
In conclusion, the results from the present investigation at the RRWMA did not 
differ significantly from the results of a similar study at Stokes State Forest in 2012, 
which fits the expected hypothesis. Slight differences in species composition may be 
accounted for by considering variations in urbanization and disturbance between 
locations and between the years that the studies occurred. The pending genetic work on 
some of the shrews collected from the RRWMA will help definitively determine the 
presence of S. hoyi and begin the tedious task of compiling genetic sequence markers for
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many small mammal species that can be added to for years to come. As die genetic work 
confirms the different species found in the RRWMA, the NJ DEP can establish forest 
management plans that incorporate small mammal populations into their considerations 
for habitat conservation.
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List of Figures:
Figure 1: Field sites of the Rockaway River Wildlife Management Area; Top left- Upland 
Forest habitat, Top Right- Lowland Forest habitat, Lower Left- Shrub habitat, Lower 
Right- Wetland habitat
Figure 2: Installation of the pitfall arrays; A- fully set up array at the Upland Forest 
habitat. B- John Levorse assists installing the drift fence at the Lowland Forest habitat. C- 
Completed array at the shrub habitat. D- Zach Bowman and Sean Levorse checking that 
the drift fencing follows along the forest floor crossing over the pitfalls at the Wetland 
habitat.
Figure 3: Live shrew in a pitfall trap
Figure 4: Some shrew species are easily identifiable, for example (Left) the short-tailed 
shrew (Blarina brevicauda) [top] is visibly different than the masked shrew (Sorex 
cinereus) [bottom]. In other instances the distinction is not as obvious (Right) as with S. 
cinereus [top] and the pygmy shrew (S. hoyi) [bottom].
Figure 5: Some shrews have visible external identification cues. Top- ear visible on the 
smoky shrew (S.fumeus), Bottom- distinctly bi-color tail of the least shrew (Cryptotis 
parva).
Figure 6: In cases where external identifying features are lacking or vague, we rely on 
dentition for identification. Top- S. cinereus dentition, Bottom- S.hoyi dentition. Images 
on the right from Reid (2006).
Figure 7: Number of mammals captured at each site; Blue bars indicate data from Stokes 
2012, Orange bars represent data from RRWMA 2015.
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Figure 8: Comparing species richness among sites between Stokes (blue bars) and 
RRWMA (orange bars)
Figure 9: Percent distribution of species at the RRWMA, 2015
Figure 10: Graph depicting the distribution of species across different habitat sites 
Upland Forest (UF), Lowland Forest (LF), Shrub (S) and Wetland (W) for the RRWMA, 
2015
Figure 11: Graph depicting the distribution of species across different habitat sites 
Upland Forest (UF), Lowland Forest (LF), Shrub (S) and Wetland (W) for Stokes, 2012
Figure 12: Shannon Diversity Indices of each investigation compared for each habitat 
type Upland Forest (UF), Lowland Forest (LF), Shrub (S) and Wetland (W). Error bars 
signify 2 standard deviations.
Figure 13: Depiction of the relation between precipitation and apparent small mammal 
activity. Over the 10 day investigation, two days experienced heavy rain, two days 
experienced moderate rain, and the other six days were dry. The graph here depicts the 
number of organisms captured the day immediately following a rain event as compared to 
the number of organisms captured on days that had been dry the day before.
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List of Tables:
Table 1: Modified from the New Jersey Department of Environmental Protection, 
Division of Fish and Wildlife checklist of mammals in New Jersey. Species encountered 
at Stokes and the Rockaway River Wildlife Management Area are indicated by an X. The 
blue highlights indicate species that were found at both Stokes and the RRWMA.
Table 2: The number of organisms caught per habitat at each site, corrected for varied 
numbers of pitfall traps.
Table 3: Depiction of the results of Fisher’s Exact Probability Test. Each test compared 
the numbers of organisms found at each habitat type between the RRWMA and Stokes. 
For a Fisher’s Exact Probability Test, the null hypothesis assumes no difference between 
data sets.
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APPENDIX 1: Record of when and where each individual was collected
Date Am/pm Site Species
21-Jun Am UF S.hoyi
21-Jun Am LF B.brevicauda
21 -Jun Am -LF B.hrevi cauda
21-Jun Am LF S.cinereus
21-Jun Am LF S.cinereus
21 -Jun Am LF S.cinereus
21-Jun Am LF S.hoyi
21-Jun Am W M.pinetorum
21-Jun Am W S.cinereus
21-Jun Am W S.cinereus
21-Jun Am W S.cinereus
21-Jun am W S.cinereus
21-Jun am W S.fumeus
22-Jun am W S.cinereus
22-Jun am W S.cinereus
23-Jun am W S.cinereus
24-Jun am LF S.fumeus
24-Jun am S S.cinereus
24-Jun pm S S.cinereus
25-Jun am W Z.hudsonius
26-Jun am W S.cinereus
26-Jun pm UF S.cinereus
27-Jun am UF S.hoyi
2 7-Jun pm LF S.cinereus
28-Jun am UF B.brevicauda
28-Jun am UF c.parva
28-Jun am UF c.parva
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.cinereus
28-Jun am UF S.hoyi
28-Jun am UF s.hoyi
28-Jun am LF S.fumeus
28-Jun am S c.parva
28-Jun am S S.cinereus
28-Jun am S S.cinereus
28-Jun am S S.fumeus
28-Jun am S S.fumeus
28-Jun am S S.hoyi
28-Jun am W c.parva
28-Jun am W S.cinereus
28-Jun am W S.fumeus
29-Jun am UF S.cinereus
29-Jun am UF S.cinereus
29-Jun am UF S.fumeus
29-Jun am LF S.cinereus
29-Jun am S S.cinereus
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Tables:
Table 1:
COMMON NAME SCIENTIFIC NAME STATUS 2012 2015
Masked Shrew Sorex cinereus s r x X
Water Shrew Sorex palustris u
Sm okey Shrew Sorex fiimeus u x
Long-tailed Shrew Sorex dispar u
Short-tailed Shrew Blarina brevicauda s X X
Least Shrew Crytotis parva u X
Pygm y Shrew Sorex hoyii c X
Hairy-tailed M ole Parascalops breweri U r
Eastern M ole Scalopus aquaticus s
Star-nosed M ole Condylura cristata u X
Marsh R ice Rat O ryzom ys palustris S
W hite-footed M ouse Perom yscus leucopus s x
Eastern W ood Rat N eotom a floridana E
Red-backed M ouse Clethrionom ys gapperi s X
M eadow  V ole M icrotus pennsylvanicus s 1 x
Pine V ole M icrotus pinetorum s r * X
Southern B og  Lemm ing Synaptom ys cooperi u'
H ouse m ouse M us musculus I 1 !
W oodland Jumping M ouse Napaeozapus insignis
M eadow  Jumping M ouse Zapus hudsonius U x X
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Table 2
Habitat Catch
(RRWMA)
Catch per pitfall 
(RRWMA)
Catch (Stokes) Catch per pitfall 
(Stokes)
UF 19 1.19 33 2.06
LF 10 0.67 46 2.88
S 9 0.56 21 1.31
W 14 1.27 46 2.88
Table 3:
Variable- RRWMA vs Stokes FisheCs Exact two-tailed P values
S. cinereus 0.0098
B.brevicauda 0.50
M.pinetorum 0.9999
Z.hudsonius 1.0
Count per habitat type, corrected for number 
of pitfalls
1.0
Richness per habitat 0.945
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